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CHARTS FOR THE PARAMETERS OF MIGRATING EXPIOSION BUBBIES

By

H. G. Snay and Ruth V. Tipcon

ABSTRACT: Graphs are presented for the relative bubble energies, maximm
radii, periods, and migrations of underwater explosion bubbles for four
cycles of the bubble oscillation. The migration refers toc the bubble
maximum in each cycle. The position of the bubble minimum cen be readily
found by a simple computation. The grophs permit & convenient resding of
these parameters for a wide rsnge of conditions.
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CHARTS FOR THE PARAMETERS OF MIGRATING EXPLOSION BUBBLES

This report is part of & comprehensive study on the behavior of explosion
gas bubbles which has been carried out under Task No. 301-66l4/43003/01040
and RUME-3-E-000/212-1/WF 008-10-00# PA 002, A knowledge of the behavior
of migrating gas bubbles is of considerable importance in studies of ship
demage. NAVORD Report 3906, "Key Problems in Explosive Research and
Development", Chapter III, "Anti-Submarine Warfere" discusses this in more
deteil. The present report represents a numerical evaluation of the theory
developed in NAVORD Report 4185. The charts prepared on the basis of this
theory provide e simple method which this Lsboratory believes will save
considerable time and effort in calculating the importent characteristics
of explosion bubbles in the second and subsequent cycles of the pulsetion.

The major portion of this work was carried out during a course of duty of
the mecond author as & junior professionel traince.
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Captein, USN
Commander
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I. TITRODUCTION

In NAVORD Report 4185* relationships are derived for the migration and
enerpgy ratios of underwster explosion bubbles, The data glven in that re-

port are sufficient to provide the information needed for calculating the
In the

migration period, maximum radius, and energy through the 4th cycle,

present report this information has been used to make graphs for the ratios

of these parameters. ‘'he use of non-dimensional varisbles permlts the

convenient reading of the results Tor a wide range of explosive conditions.

II. THE EQUATIONS OF MIGRATING BUBBLES

The equatlon for the migration for pulsating bubbles between the nth

end (n + 1)th bubble meximum derived in NAVORD Report 4185 (Equation 9) can

be written in the following form

Zn - Zney B2y =c(“m§3/2(f_r_1\.l/221 [ -

Z 2 L/ vhns g
1 2 2
oat ma BB By
Zl \l/' Dn/ Zl/ )
where
2 = Total hydrostatic pressure measured in feet of weter.

1 atmosphere = 33 ft sen water = 34 £t fresh water
AM = Maximum bubble radius in ft.
r = Ratio of bubble energy to the total energy of explosion,

Subseript designating the cycle of the pulsation.

=]
n

D = Depth in £t below the water surface. D refers to the center
of the bubble maximum., In the first cycle, Dl is assumed to
be equal to the depth of explosion, i.e. the migration up to
the first bubble maximim is neglected.

* Full reference 1s given &t the end of this report.

(1)
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It is stated in NAVORD 4185 that C can be considered to be & universal
constant, € = 3.5.

From(1) it sppears thet AZ;/2, is e function of Ay /Z,, % /2., D, /%
and rn/r . The energy ratio rn/rl is evaluated in NAVORD 4185 and is shown
to be & function of 42,/Z,. The two variables Z,/Z; snd D /2, are functions
of the reduced migretion AZ,/Z7, as can be seen in the following relations:

S O R

Pl (2)
end n=2,3, ...

.D_rz = Pa-1 - .A_Zzl . (3)

2  n

Therefore, the reduced migration and the depths of the later bubble maxime
are functions of two variables only, nemely Ay,/Z; end D /Zl‘ Tis fact
rermits & convenient graphical representstion not only of the migration, but
8lso of the other bubble parameters,

The equation for the first meximum bubble radius is, reference (b),

1/3
n=(z) )

vhere
W = Charge weight in lbs,

J = Redius constent dependent on the properties of the explosive,
e.g. J= 12,6 for TNT, reference (c).

The meximum radiues &t any one of the subsequent cycles is given by

M

(
hn \

The period of the first bubble pulsation for an explosion in infinitely
deep water is, reference (b),

7. . 1/3
N » (NAVORD 4185, Equation 4). =1
o J \2!}

HI:’H
[
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1/3 1
:—73 [1-013’;1 (6)

vhere K is the pericd constant, e.g. K = 4.36 for TNT, reference (c). The
term 0.1 /'Dn accounts for the effect of the water surface on the pulsa-
tion. It is negligibly smell for a deep explosion, but compensates for the
shorter periods of & bubble pulssting near the water surface. (Compare
Section III of NAVORD 4185 about the value 0O.L.)

The periods of the subsequent cycles can be obtained from

T 7. .5/6 1~ 01%/13
&f‘(%‘) (zl> 1 - 0.1 Ay, /D, ° (1)

28 discussed in NAVORD 4185, Equation (2).

Since (5) and (7) contain only parameters which are functions of
AMn/Z and D. /Z s the period and radius ratlos are functions of these two
variables on and each can be graphically presented by means of & family
of curves.

For shallow explosions, the presence of the water surface perturbs the
bubble oscillstion in such a way that the emission of the bubble pulse
cesses, This phenomenon is commonly called venting of the bubble or blow-
in. It can be quantitetively taken into account using the evidence that
the nth bubble pulse will not occur when

My < 1.1 Dy, (8)

III. NUMERICAL CALCULATIONS

The calculetions of this paper are based on the relationships listed
ghove end the values of r /r. found in NAVORD Report 4185, The ratios for
the depths of the bubble Rax i‘ , the periods, the maximum radii, and the
bubble energles were caleulated i‘or the first four cycles of the oseilla~
tion. In view of the uncertainty of the energy ratioc for the 5th ecycle,
given in NAVORD 4185 , this cese was not included. Grephs were made using

as gbsclissss and the above bubble parameters as ordinates. The
reaul% is presented as & family of curves each labelled by a value Dl/zl’
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Limiting curves were constructed for the condition where bloweln occurs,
Figures 1 to 3. In the other charts the points of blow~in are marked. The
continuation of the curves beyond these points is shown in dashed lines.
They are useful for certain calculations, although for such conditions no
tubble pulse occurs.

IV, USE OF THE GRAPHS

Given the weight of the explosive cherge W and the depth Dl et which it
is fired, one uses the formilae

Dy Dy

5 oEEw 2
hy .
Z 2, /3 °)

to £ind the input of the charts, The ratios read from the graphs are
multiplied with the value of the corresponding variable for the first cycle
of the oscillation, This Immediately ylelds the desired result.

As an example suppose one deslires to know the depth of the third bubble
maximum of & 200-1b TNT charge fired at a depth of 150 ft in sea water,
Here, 2, = 150 £t + 33 £t = 183 ft. Using (10) one finds Ayy/2Z; = 0.0803
and from (9) Dy/2y = 0.82, The first period is according to (6 Ty = 0,372.
Using these va}ues one finds from Figure 2: D / = 0.830 and D }25
Thus, the upward migration of the bubble from the initial charfe loce.tion
up to the moment of the third bubble maximum has been 25 ft. In an analogous
way one finds from Figure 5: T- /Tl = ,75, and T, = 0,279 seconds. The period
T+ refers to the time between the Becond a.nd thifd bubble minimum., The time
of the third meximm vould be Ty + Tp + T3/2 = 0,834 seconds. The position
of the third bubble minimum can be found éy celculating thet of the fourth
bubble meximum and placing the bubble minimum half way between these two
maxima,

V., COMMENTS ON THE DEPENDENCY OF THE BUBBLE PARAMETERS
ON THE EFFECT OF THE WATER SURFACE

Inspection of the graphs presented in this report gives an interesting
insight on the influence which the two input variables have on the bubble
behavior,
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The megnitude AMl/Zl is a measure of the buoyency of the bubble., The
maximum radius used in this ratio represents the pressure difference between
bubble tcp and center. It is this type of pressure difference which, when
integrated over the hubble surface, produces buocyancy. Zl stends for the
total pressure at the bubble center. Hence, AMl/zJ_ represents one-half of
the pressure difference between bubble top and bottom divided by the pressure
et the center. This megnitude accounts for the driving force of the gravity
nigration.

The other variable, Dl/Zl, is a measure of the depth at which the explo-
sion occurs. The deeper the explosion,the closer is this value to unity.

Comparing the above equetions, it is seen that D,/Z, occurs in the
surface correction terms only. Hence, Am/zl is a measure of the strength
of migration, and Dl/zl is & measure of the surface effect.

The graphe illustrate the importance of these two effects on the bubble
paremeters, Figures 1 to 3 represent the migration. The lerge spread of the
feamily of eurves in this figure indicates that the surface effects have a
strong bearing on migration. The influence is less proncunced for the
bubble periods, Figures 4 to 6, but still cleerly noticesble. This evidence
was to be expected, since equations (1) and (6) include surface correction
terms. But, the surface effect also enters into the computation of the
meximm bubble radius and the bubble energy, &lthough these terms are not
directly affected by the water surfece, The curves for the maximm redil,
Figure 7, show this influence only for close proximities of the bubble to
the weter surface: The curve for each reduced depth D /Zl emerges from the
average curve near the point of blowe-in or for very sh&llow conditions. The
same effect is noticeable for the bubble energy ratio, Figure 8.

This discussion illustrates the importence of the surface effect and
shows that it must not be neglected in & study of bubble migration. The
charts presented in this paper quentitatively sccount for this effect and,
at the same time, allow for & convenient aprraisel of its significence, For
instance meximum radius, bubble energy, and periods depend meinly on Am_/zl.
On this basis, simple approximste formulae could be set up which give these
magnitudes as functions of AM.I/Z]_ only. The charts illustrate the limited
accuracy of such epproximetions. Since reading of & graph is simpler than
to evaluate equations, we have not included such formulae in this report.




D, /D,

0.8

0.6 f3r

0.4

0.2

NOLTR 62-184

h= L
i H
/ 0.4
: 0.2
T w
LIMITING CURVE i
FOR BLOW~—IN
;@
.

FiG.1

RELATIVE DEPTH AT SECOND BUBBLE MAXIMUM

........

Ami/ Zy

O
N




NOLTR 62-184

0.8

:

HEEE
£
H
iF

D3/D,

-
G4t

0.4 e

RN

0.2

. i 3§ HiH
LIMITING CURVE [ § ik i
FOR BLOW-IN [N i

o ﬁ% E l“lé
0.i .2 0.3

AMI/ZI

FIG. 2 RELATIVE DEPTH AT THIRD BUBBLE MAXIMUM




NOLTR 62-184

B

i L D, /2,

0.8 ] e 0.8 SRR

i il I R
0.6 i it i
t i HHHH
shaill iy i
P
c" ':‘ :4]
; A i
L )
H %1 S o t
(I I i T
it i S A
18 HH LIMITING CURVE
RN H FOR BLOW=iN
0.2H H i i AT
: il dat i BB
i i

THHGHE

03

o
S
o)
)

AMI /Z|

FIG. 3 RELATIVE DEPTH AT FOURTH BUBBLE MAXIMUM




= [ —— — - PR | IRy I

NOLTR €2-184

1.6 prmmmm— R

w Tt it HE i

| 4 HHEEE i s

; i :

X = LIMIT FOR

BLOW-IN

0,72

i 10 J .
1.2 ﬁ 0.8 ~——_JiHH e i

R

0.6
0.4,

0.2 i i

T /T,

s

5

Siiiisiisasiain

sl e e

0.0 M -

N E::: be

Ami/ 2,

FIG. 4 RELATIVE SECOND BUBBLE PERIOD

0.3




NOLTR €2-184

-

if

R
i
i

X = LIMIT FOR i B G
BLOW-IN [Bi il o Hifilis

D72,

DA OO
St

l.
0.
0.
0.
0.

T3/T|
-
*:

H

wh-l-
et
i

0.8 S : i

:
0.6 g
5 it H

0'4‘ T :ll I;h lﬁ
Am/ Z,

FIG.5 RELATIVE THIRD BUBBLE PERIOD




NOLTR 62-184
T 5 s T
it :
“: H :
jEE i
hﬁt ﬁ? i i
st £ it i

%'55 4
i i

.
%
HE
1
THHH
H HHT
T HHHIH
H T
Y

A .

s i L i} i HE : E§
i ik \:),/z| : S
T 1.0 R
i il 0.8 i

4 i 0.6
& ~E 0.4
i 0.2
il B S e o I X = LIMIT FOR
e i BLOW ~ IN
i : _ i
ijtis? getadd E: H H H t
-11 11‘ *‘ H
$31s ¥ b i
Hili i i i
%* RS i it
° o 0.2 0.3

Awi/ Z,

FIG. 6 RELATIVE FOURTH BUBBLE PERIOD




RATIO OF MAXiMUM BUBBLE RADI!I

NOLTR 62-184

it 1} i3

£ ':?ﬁEEL HH

i i i it
| i i 0

=ssEiiaing;

0.8

0.6 e

04

Ani/ Z,

FiG. 7 RELATIVE MAXIMUM BUBBLE RADI!
D,/Z, LABELS ARE ONLY SHOWN FOR THE

UPPER FAMILY OF CURVES. LABELS FOR THE
OTHER CURVES ARE ANALOGOUS

12

T Avz/ A i T i i
Avz/ Ay B i \{, /Z,
Ama/ Awi, AR 1.0
n i i 0.6
: HE i i T 0.4
3 i I 0.2 i
i R A = léllgl'l' FOR
i LOW- IN
E :E E
an :E
‘jj
i
i |
i
i ﬁ H H

03




RATIC OF BUBBLE ENERGIES

NOLTR 62-184
IO HH 1 H} i BT vashasyyl
i i '

ﬁ X= LIMIT FOR

i BLOW~IN
i D,/2,
0.2
¥ 0.4
0.6
o8 0.8
1.0 ;
il i A e
i N
! i 11 Eﬁ
-
wim
i ' ol ' i
i I D,/2, ’
ik il 0.4
i L] 06
I I —— 1.0
il gl | ! 0.2 jitt
i L # 71 i
: ; L
0. i
0.2 o HfE i ] 1.0
X Y ALl ifi
i iR 0.2 HiE
M Ly
ro/ry r3/T; T4 /1y
R i i
it i i i
N e | o

[»]
o
o

Ami/ 2,

Fic. 8 RELATIVE BUBBLE ENERGIES

03




NOLTR 62-184

REFERENCE

(a) "Underwater Explcosion Phenomena: The Parameters of Migrating Bubbles',
H. G. Sney, NavOrd Report 4185, 12 October 1962, Unclassified.

(b) "Underwater Explosions. A summary of Results", E. H. Kemnard, DIMB
Report C-334, February 1951, Confidential.

(e) "Explosion Effects Data Sheets", NevOrd Report 2986, 1k June 1955,
Confidential.

14




DISTRIBUTION
Copies

Chief, Bureau of Naval Weapons, Attn: Tech Lib, DIS,«3
Attn: RUME-3
Attn: RRRE-5
Chief of Navel Operations, Attn: OP-T15
Chief of Naval Research, Attn: Code 466
Code 418
Code 429
Code 425
Chief, Bureau of Ships, Attn: Code 423
Chief, Bureau of Yards and Docks
Commnding Officer and Director, U, S. Naval Radiological Defense
Laboratory, San Francisco 24, California, Attn: Code 911
Atta: Code 934
Attn: Code 222
Commending Officer, Naval Propellant Plant, Indian Head, Maryland
Commander, Naval Weapons lLaboratory, Dahlgren, Virginia
Attn: Experimental Officer
Commander, Navel Ordnance Test Station, China Leke, Californis
Attn: Technical Library
Commender, Naval Ordnance Test Station, Pasadena, California
Diractor, Naval Research Ieboratory, Washington, D, C,
Commanding Officer & Director, Devid Taylor Model Basin,
Washington 7, D, C, 2
Commanding Officer & Director, David Taylor Model Besin,
Underwater Explosions Research Division, Portsmouth, Virginis

HFRODHEPEFPREE

I N o

SN

(Code 780) 1
Superintendent, U, S. Naval Postgraduate School, Monterey, California 1
Director, Us S, Navy Electronics Laboratory, San Diego, Californis h
Commending Officer, U, 8, Naval Underwater Ordnance Station,

Newport, Rhode Island 1
Commender, U, S. Naval Weapons Station, Yorktowm, Virginia

Attn: Research and Development Division 1
Commending Officer, Naval Torpedo Station, Keyport, Washington 1l
Commanding Officer and Director, U, S. Navy Underwater Sound

ILaboratory, New London, Conn. 1l
Commanding Officer, U, 5, Naval Air Development Center,

Johnsville, Pennsylvania 1

Conmanding Officer, Us S, Naval Ammnition Depct, Navy Number 66,
Fleet Post Office, San Francisco, California,
Attn: Quality Evaluation Leboratory 1l

1




Commander, Us S. Naval Oceanographic Office
Washington 25, D, C.

Commanding Officer, U, S, Navy Mine Defense Laboratory,
Panama City, Florida

Commending Officer & Director, Naval Civil Engineering Laboratory
Port Hueneme, California

Commanding Officer, U. S. Naval Weapons Evaluation Facility,
Kirtland Air Force Base, Albuquerque, New Mexico

Chief of Reseerch and Development, Department of the Army,
Washington, D. C,

Chief of Ordnance, Department of the Army, Washington, De Cs

Chief of Engineers, Department of the Army, Washington, D. C.
Attn: ENGNB
Attn: ENGEB

Director, Waterways Experiment Station, Vicksburg, Mississippi
Attn: F, R, Brown

Commanding General, Ballistic Research lLaboratories,
Aberdeen, Maryland

Commanding Officer, Picatinny Arsenzl, Dover, New Jersey

Commanding Officsr, Engineer Research eand Development Leboratory,
Fort Belvoir, Virginia, Attn: Chief, Tech. Support Branch

Commending Officer, USA Signal R and D Laboratory,
Fort Mormouth, New Jersey, Attn: Tech, Documents Center

Director of Research and Development, Headquarters, U, 8. Air
Force, Washington 25, D, C,

Conmander, Ocama, Attn: Air Force Ammunition Services Office,
Hill Air Force Base, Utah

Headquarters, Air Proving Ground Center, U. 8, Air Force, ABIC,
Eglin Air Force Base, Florida
Attn: PGTRI, Tech Lib,

Conmander, Alr Force Logistics Command, Wright-Patterson Air Force
Base, Dayton, Chic

Aeronautical System Division, Wright-Patterson Air Force Base,
Dayton, Ohio

Commander, Air Force Special Weapons Center, Kirtland Air Force
Base, Albuguerque, New Mexico, Attn: Technical Library

Director, Defenss Research and Engineering, Washington 25, D, C,
Attn: Technical Library

Director, Applied Physics Laboratory, Johns Hopkins University,
Silver Spring, Maryland

Chief, Dafense Atauic Support Agemcy, Washington 25, D Cs

Director, Applied FPhysics laboratory, University of Washingtonm,
fleattle, Washington

Chief of Naval Operations, Washingten 25, D. C. (Op T54)

2

M W




T e T

O T o e o et s bt s o ot e

Research Analysis Corporation
6935 Arlington Road
Bethesda, Maryland
Washington 14, D. C,
Director, Ordnance Research Laboratory, Pennsylvanla State
University, University Park, Pennsylvania
Director, Woods Hole Oceanographic Institution, Woods Hole, Mass.
Director, Serippe Institute of Oceenography, La Jolla, California
Columbia University, Hudson Leborstories, 145 Palisade Street,
Dobbs Ferry, N. J.
Director, Lawrence Radiation Laboratory, Livermore, California
Mrector, Los Alamos Scientific Leboratory, Ios Alamos,
New Mexico, Attn: Dr. D. P. MacDougall
Director, Nationel Bureau of Standards, Washington, D. C.
Attn: Security Officer
Administretor, NASA, 1512 H Street, N, W., Washington, D. C.
Sendia Corporation, Sandia Base, Albuquerque, New Mexico
Attn: Classified Document Division
Armed Services Technical Information Ageney, Arlington Hall
Station, Arlington 12, Virginia, Attn: TIPIR
Woods Hole Oceanogrephic Institution, Woods Hole, Massachusetts
Attn: Dr, Arnold Arons
Redio Standards Leboratory, National Bureau of Standerds, Radio
Physies Division (Div, 91), Attn: Dr, George E. Hudson
Michigan State University, East Lansing, Michigen
Attn: Dr, T, Triffet, Dept. of Applied Mechenics
Harvey Mudd Colliege, Claremont, California
Attn: Dr. A. B. Focke, Dept. of Physice
Columbla University, New York 27, Wew York, Attn: Dr., Hens H, Bleich,
Dept. of Civil Engr. and Engr. Mech.
Office of Technical Services, Department of Commerce,
Washington 25, D. C.
United Research Services Incorporated, Physical 3ciences Division,
1811 Trousdale Drive, Burlingame, Californis
Attn: Mr., Kenneth Kaplan, Deputy Director
Netional Marine Consultants
70T East Vermont Avenue
Ansheim, California

P OHE N FPFE ONDR

=
(o]

N

100




29~5) 8Z0L05—TON~J0d

= W oag USWOUSyJ 004 I6og
vang dovIIng ana SpOTI3d
UIYM I378M sovd TTORY
NIIT Louopusdag WNTH WGETUTW
NN TeoTISwny WXVI UNW BN
; by - suoT3enby YA . s9tdiauy
“W zdang (zotreyaq) saTqong ToNn 183BMISpU(
m io4 43 SBe) Yavd sJ91sweIed
| VIO uotyendwoy || gand saTqqNg
0s0d UoT9TE0d SdIXd uoTsoTdxH
¥0S0 , UCTIELLTOS0 YOIH ButgeadTy
HOXD saTo4) SHHD s1IBUD
13043 H0 SISATIVNY LD3Arans
oty
e T 2961 1890300 ST [ 3uvo swouy
NOLLY.LINITT NOLLYINOUID _ Jmlr&w O Jw.mlw 0 YIBWNN LNOdIY
Zgn iz - PSTJFTSSBIOUn NoLLvoLRes ararnone )| ELTON 110dsx TROTUYSST TON F0Hnos
, $3G0D SHMOLIBOS2A $3002 SHOLAIHOS$30
NOILYWHOIN! DIHIVO0I118iI8
“_.A SN AAVALIT 40 NOLLYWHO=NI ONIDOTVLYD




d
*EUOTTPUCS JO IJUBRI OPLM ® J07 RISOWEIE
*SUOT4IPUCD JO SPuSL IPTH € J0F -hm&wnﬂm.ﬂm o s aeyuesson & 3% : nMMd.onN
gt mnﬁﬂﬁ& dirs o £q pwmss Arpress ag sqg -uopezuduvo spdwis e Lq umws%o .:umo?no
o -uorgeandmoo sydugs s Aq pumoj Arypeax 2q gosfesg -Alweo magu eTequg 9y go worETEL hw“o.. ok
goefoxg  “A|URO mmuguUE STQQUq 94} JO Worjis wm_w - .muﬁ ey 2 o Ll 3 donn onw w e
o W B eyt R e BTl S T
aoyque *3f ¢° ~eagjw oy ° < PP SN [y iy , n
R e ) R R R e
9 fe nhﬂﬁw ks b nnwo.n&v& Lo xd a2 nﬂwd.uu 14374 “IIOTIqNq SATYSIRI 8] JIO0F PIjud
STATL  “I|eTuqnq AApIR[IL Y3 JOF PIRUIS? - ] - o T
" noammnw ¢ § " 20010, oot Moﬂm..wﬁnm I /1—212/000~-2-c-TH en-movoﬂo\moomq\.eoou OF
g o /hRYuic TaTag R Cmeme o ‘neisen e el e
- sagqqng “€ nisey 6T ° Py it 3 . . o fonai
e *A qgmy pue Lews cp °H L4 “SyIgEnd i I R o S s
nwmoqn&ﬂ *2]l —xz DNIIVHDDA 40 SUSIENVHVY JHIL ¥Od SINVHD i Sﬁm HLLVID »Sangqc TITd 7e§8¢§a€ u-
.noadiwmwnm {rg1—-29 230dox TeOTUYOY .Hosz qnnw«. sorixg - B SX%0 OITUM CAI038I0qWT QOUNNPIO TEASN
‘suopsordxgy  °1 *PA “3e0 93TYR ‘Laojeaoqe] aourupI() TAEN T
| o d
*SUCTJIPUED JO IJURX IPTM B 0T nhmvonﬂd&u.%
. noe 39 oﬂﬂd& opgm ® 203 130 d IVIQY JO Wﬁdﬂgﬁ AUITUIALUCD & Jpuxed sy
onu““ﬂwwumﬂcwﬂ qUATUIAUGD € ﬁE.Mon nﬂauw syl °uoTqEindmwo sTdugs T Aq uuwmuohﬂvmw.m uMm
oyl °uvopsesndmwoo sydugs T Aq vnMMu .:umnno hu 4590 caloe crupes sqacaq oa uosnowﬁ o wmw«o.n i
goeloxg *Afu=0 wnugogw ITqqR] SY3 JO TOTIIN oaw o Moau j09f0xd AT qoes up wnrpxew o.nmw Q aw.p 3 Sdszex uors
foxd “AT Yo¥e U} UMmWiKew STqquq ¥Y3 0% SI9J soroky | zoqgne cag ‘o —eaB7m eg ncﬂaﬁaoﬁ uawaaﬁo 3 3o sotaks
e ﬂm b o S .noﬂaﬂuomm oappum‘huwsuwo .weﬁ qeoy ‘wogdyy III|amoz Io0F .oﬂpmwﬁ.ouoﬂmomﬁmh un .naan. ¢Sorgaous
'H° . L] )
g aﬁwnm.ﬂ .mm hﬂnmm.u.uwmw. %pm”wh“wmomﬂwnh Mﬂn.mnas €go13IeUs D sueg MWMM m ouﬂsumawrwﬂmﬁohﬁ oMMv.uou T e rae sl
o s oﬂ.d.m *T|eTqqnq @ajjeisa a3 Jof pIgussexd ere sydexn - 53 . : 0 o N
- g 80:m|m§ TR A Hnmvoo:oo o wonuﬂwﬂ i /1-212/000~E-c~TAH _PUe 0O0TO0/€00E Y/ +99~T0E
SopsE B : T2 QrOL0/EQuEY/ % = . sel sdoung 2961 "390 ST *dpr * cmoadyl
UOPRRITTH Ji—eie/ - L -d .ﬂoﬂM.E. - sorqqng € oy JIECD S o 4 S
- 80Tqqnyg € sxs=g sdagng 2961 390 ST 1 o Zogserdeg A Ty pue g g
woysoTdxg *A Y3ny pue fsug °p *H &q *STTGENE NOLSO ceorqaug ‘2| —xa ONIIVEOIN dO mmﬂnzumwm wﬁaoougqiozsu
o R oo 2 Sades m-nwﬂﬁo”mo 3 ) couopsordry T “BA %0 oummuummuwuﬂon& scuwupiQ TeA®N
SogeMIOpUn - e suoysor .
.Ewm.&&m 1 *DH €3e0 O4Fqk ©LI03BIOqE] SOUWEUPID TeASH
- — R e —— -




ri:s._é_ MBS TIR L DK S

sqy “uotsequdwoo ITémps ® Aq punog A[ypesx 94 oqr °*uorgejndmoo opdugs e Aq punoJ ATTpesx oq
goetoxd *A|ueo muguyw @yggng gy Jo wopgysod ayy carado qoefoxd *Aluso muguim e1qqnq eq3 jo wopyysed egy ceToko
aoonw.-m *AT qoB9 UY WRUN[XEem ITQQRQ 943 03 SIHISI UOT3 q00foxd AT qO¥e Ul wmYem STqQRY 9qF 03 SIIJIX WO
Joqane *qf F+p —eJ3jw OYf “UOTJR[LJOS0 I[qqnrq Y3 JO sayoka | aoggaw gL €op —eJFjW OUL “UOFIETLIIRC L[qQqRq &Y3 Jo sIToko
3y ‘wogdypy *IITlanoz zoy seTqquq nouncw&nﬁ J9jBAISPUR JO SUOYS qany fueadfl *IYI|anoy I03 seTQqRq now-owuNo JojeMIGpUD JO ERCYS
*p sweg ‘Aeug -II| -magpm pue ‘spojxed ¢ jpes unmaxex ‘sSITIIAUS *p susf ‘fvug <IT| ~wa@ym pue ‘spoyaed ¢ prpes ¢gorgasue
ST *I|9TAqNq K.FITTIL 93 40J peyuessad eae sydean STITL ‘TjOTqINR SATIVTSL §Q3 J0F pejueseId eav AL
! PLOLOINSTIF] UELIISSVIONA UGUBINSEI (ITJISSYICNA
I = s9Tqqng ‘v *200 ¥d pO0—01-800 JM - seTqqg 4 “200 ¥d vO0-0T-800 JM
VOISR TH /1-212/000~F-E~TAWR pue Op0TO/EQOE Y/ ¥99-TOE ROTIRIITH JI-212/000—8-E~TNN Pwe 0H0TO0/EQ0EL/¥95—TOE
| -~ garqqug "€ sysey sdagng ‘2961 *300 o  dpT ~ ~mogdpy - sofqqnd € sxsey sdomug  "2961 ‘%00 o} “dvy “wogdyg
! wogsotdxy *A Y3y pue Leug °H *H Aq *SF1a60d NOISOTI wogsordxy *A qs0y pus Leug °H °H Lq “SYIGENH NOTSOTd
| ‘sa1qqug *2| -X3 ONIIVHODA JO SHILTNVHVA FHL ¥O4 SIMVHD ‘sorqqug 2| ~-X@ DNIIVEDIN JO SHELINVHVd FHI HOd SINVED
i I9JRMLISPTL| (r8T-29 9xcdex TeoTEqOe3 TON) XOFUMIOTUN ?wa..wo 33cdex TeOoTUqoes ‘10N )
‘suotsordxy  ° B €30 93TUM ©4AXogeroqe] 0oweUpI) TEA®N ‘suotsorday -t P “Xw0 @aTM “£ACIBIOQW] SoWEUPL) TEASY
|
f
|
|
|
,
: *SUOTJTPUOO JO dFues wppa € X0F sIdjeumswd *SUOTJIPUOO JO SPuUCE IpTm B I0F sIdgoumsed
| #8343 JOo Buppeex jJuITHarued € Jruadd sqdeas 9833 Jo JULeSx quotumasuwco e fruded sydeag
m oyl -uopgeandmoo ordugs w Aq punoy ATfpEaa 3q gl “wopjegndmo aydwys 2 Lq punog L1gpess aq
, goefoag *pjueo tnuguiw eTqqnq eq3 jo wopzysod ogy oIk q09f0xd *Alueo tnuguURL ITqcng IYF JO UCTIYSOC oYy ‘“oyoko
w 309001y AT YorvS U] ummiXew ITqnY 2qq 09 SISJOI WOLS ».oo...w.& AL qo2@ Uy unogYew a[qqnq Y3 0% SIBJIT U0
; Joqgue °qf €°A —eIZTW 4], °UCTHETL[OSO ITqquq IY3 JOo serado | Joqjue Mvn ‘A —~8IZTW 94 “UCTIRTITOSO S$TQqQnRq &y3 Jo seToko
: qany ‘wegdil °*IIT|anof X0F se1qqnq noﬂnomnﬂo JISJBAIIPUNR JO SWOTY qgay ‘woqdyy *XIX|anoz oy serqgng, no,mnomnno JA9JBAIA[UN JO EUCTY
*n sweg ‘heng *IT| ~waPFyu pus ‘spojaed yypex ‘gorgasue *n swey ‘heug  *IT| ~wafiw pue ‘spofged ©yypex unugiew ‘serfieus
°T131L *I[|e1qqnq SATITTIX 9Y3 10 pIjuasexd oxe sydesn JT1WL *IleTqqnq 2433=TeX 943 x0F pIguasaad dre sydeap
FUBUBINEEI] QILIISSVIONO FRPURINSBI] QETIISSTIOND
- soTqqng *f °200 ¥d t00-O0T~800 &M = s9Tqanyg ‘v *200 ¥d +00-0T-800 M
wopgeIF T /T=212/000~2~c~aNM PU® 050T0/EQ0EY/¥99~TO0E ROTIBAITHL /1-C12/000~F-€~TUM pue 0r0L0/€0CS Y/ H99—T0E
- sopqqndg  °¢ ey sdeung 2961 °390 T “dpl ' ‘uoydyy — sorqqeg  °¢ w4883 sdoyne 2961 <300 o ~ ‘dpT = ‘moydyy
woysordxy ~A g0y puwe Leus *9 °H L9 *SIaa0S NOISOTI wogsordxy *A gy pue Lwug °p g Lq ‘gFrgEnd NOISOTd
B e *Z2] —X3 DMIGVHOIN JO SHILINVUVA JHIY ¥Od SIMVHD sorqquyg ‘2] X ONIIVHOIN JO SHILANVHVA FHY HCd SIHVAD
AOJRMIOTUN ?ﬂlwo ja0dox TeoTUY093 TON) Jeaepn) _Eﬁlwo ga0dox Teoruyoeg JON)
‘guogsordxg T PN 3w o3TYM S Lxogeroqw] soueupig TeARN suogsoTdxyg T DR ‘w0 o3TuM *Lzojewaoqe] soweupa) TeAERN
{
i
i SR RN b

*SUOT4TPUCO JO JFURX SPLA € JI0F sIjaumxed
aseqg} JO Suppsex juogdasuco e qruaxed sydead

*SUOTJTPUOD jO SFuex ppM ¥ X107 rIejoumasd
e8eq JO Suppsel JuetueAuco v jywred sydead




